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ABSTRACT

This paper presestthree technques and tle graphcs implementatons which can be used as
diagnosic ddes in the desgn ard understanohg d scatering structures:nhagng, rea fieds, and sdace
current dsdays. The imagng andysis is a new histaic k space @proadh which hes potental for much
greder information than standard expénentd apprades The nea fiedld and current afhgs are
implementators of standard thegrwhile the diagnosic graphcs disdays are implementatons exdoiting
recant canputer en@eaing work staibn graphcs libraies.

INTRO DUCTION

The gods and motivation of this work ae to provde ingght am gudarce into the desgn of
scatering structures Andyticd/computer cods hawe histolicaly been corcaved ory to provde predctions
of expeimentdy measurel quanities, i.e., ladkscater RCS verss ande. In prindple, an andyticd code
shoud ke ale to provde amuch greder indght into the scatering process if we just ask th proper
questons Our inspration is smilar to dforts in computatond fluid dynamics where we ae dtempting to
better understand ¢hnteradion of an EM wawe with a structure, tk natue of the scatering process and
ultimatdy better deign.

BISTATIC IMAGE ANALYSIS USING k SPACE CONCEPTS
The epeimentd devdopment d microwawe images has been a powerful tod to understand

scatering from various geameties Imagng may be in one dimenson, i.e., dow range or in two
dimensons,i.e., dowm and cr@srange This cgpablity alows ore to understand thscatering processin



terms of spedfic scdtering centers and medhansms. Image devdopment ha been mosly expeimenta.

While ore mud appy the same methods to predctive scatering dgorithms, the computaton burden has
aways been consdered to ged. Thisocaurs becaise, expementdly, down range information is obtaned ty

illuminating tre target ovela bandwdth of frequenees typicaly numbeiing 16 32, 64,1280r evan 512 To
do ths with a method & moment andyss, ore would hae to recompute and sdve the systam matrix for

ead frequeng. This computaion burden is © gred tha the sweptfrequeng apprad is sldom pursued
andyticdly.

B. A. Cooper devepeda newn apprad that reqires only one computaton of indwed currens and
therdore only one MOM matrix computaton for down range images A forma bistaic k spaceimage
theoly was then devdoped, réerercel. Thsformulationisnotlimited ky the smal ande focus requrement.
Crossrange images are mmputed wthout sneaing. Tle bistaic k space adyticd image tednique does not
requre aMOM code matiix sdution for ead frequeng. Orly ore aurrent dstribution (matrix computaion)
iIscomputed at th frequeng of interest. Thimage is the Fourer tranform of the k spacebistaic scatered
radation for vaues of k**that correspond to downramgnd crassrange The naturd Fourer tranform
variades are wave number k and spa#l postion R. If we mmpute abistaic field & a funcion of k** =
(Kiowmange | Lressieng®) then the Fouiier tranorm of the scatteredfield is naturdly a funcion of the trangormed
spata coordnates,R*® = (R™"™® RF=S@®) - The mmputaton of the scateredfidd in k spaceis a
generdization of the standard istaic radation integré. The differerce is that E° is computedin temm of
k>**for down and/or down/crssrange rather tha in temmns of the usud bistaic anges (8,¢). Body currents
are ommputed oty once d the user spdfiedinddent antg and polarizaion.

Bistaic k spaceimage technque feaures are 1) Resdution up to A/2 wunilimited ty the usua
expeimentd frequeng and ante extent bandwdth corcans 2) Image focus/ amea does not acaur die to
the formulation of the gproadc; 3) Images computed & the frequeng and anée of body exdtaton The
body currens are mmputed oty for thsk™. In contras to the expeimenta apprad, tre arrens do not
chang with changs in the bistaic k*** vedor swee; 4) One, two, or tlee dimensond images may be
obtaned The limiting feaure for obtaning 3D images is the dispgay of the sdution since multidimensond
FFT dgornthms are availalde; 5) The scatering bod isimagedin a bistaic seng from the same diredion as
the excitation, i.e.,a bakscéterimage. Howevera more generébistatc gopraac is enirely possble since
the ceater d k**is not reqired to Ie the negaive of k™; ard 6 A co or crosspolarized image may be
computed.

This list shove that the bistatic andytical approach to imagng can pdentially yield substantially
more information thanexperiment&images The bistatic image appoach @n ke apdied to ary predictive
algorithmfor eledromagretic scatterng a antennaradiation, e.g., Physical Opsor Method d Moments.

Briefly, the theowy for ths andyticd imagng tedinque can ke devdoped a follows A current

distribution is computedfor a given angde of exdtaton ard polanization. A scateredfield is computed using
thefarfield radation integrd as afuncion of down and cr@srange bistatc k diredions,

Ea,g(lzinc’lzscat) - J- { ﬁa’ jﬁ(lzinc)} ejlzscatﬁ dS 1



where a andp are the pdarization of the scatered andnddent field, k™ is the diredion of the inddent
exdtation, anck™**isthe k spacediredion for the scatteredfidd. Ths equaton is the usua radation integra
as written before spedfying k** as a funcion of look ande (6,¢). We ompute E &s a funcion of k** =
aownrenge 1. erssan® - Tha downrang k is centered o the freespace &sdute value of k'™
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The Fourier tranform of this E field, canputedin down and cr@srange k space isour degedimage,

down cross

Ea’ﬁ (rdowm r'crosg = J- {J- W( ES) E” ’ (T(inc, T(scat) eﬂéuwn' Ade scal } eigcsg Ade scal

where W is aweight funcion and tke squae magntude of E isour down/crgsrange image. Itis noted that
the computatond cost d this processis cheapcompared to th dfortinaMOM codeto canpute J.
NEAR FIELDS and CURRENTS
The mmputaton of nea fields must resort ad to the fundamentd ddinition for fields rather than
the smpler far field exprsson The arrens J are, & course, coputed ly a MOM coce & part d the

sdution The nea fields are spedfied in tems of the vedor and sdar potenéls in temms of the airrent
distribution:

Escat(f:f) — _Jkr’J' {j _(Ds [13)(1+ ij)(_ff __)s)/(kaz} g ds

wherethe integrais over tre soucce awrrensard gisthe Greans funcion.

The arrens J andfields E are time varying vedor quanities We may choo to dsgay the two
time quadratue vaues, tle red andimagnary parts, wich correspond to 0 an®0 degrees phase, or to
disday the time animation of the® vedorsas

E(?,wt):D{E(F)} cos@t)—D{E(F} sinft ) 5

by letting wt vary from O to 21, or to canpute atime average root mean square
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For the E fied quanities, we can disday the scateredfield, or tre totd field (sum of inddent pus satered),
or just tre inadentfield (not vey interesing).

DIAGNOSTI C GRAPHICS DISPLAY S

Coninued devdopment d very fast engeaing workstabrns has enalled tke everyday use of
graphics to vsudy disday the EM vedor and sdar quanties for fields, currents, angmages Visud
disday of the dat indudes color coded contoumays of the suiface arrentmagntudes and the totd and
scatered ¢edric field magntudes for boh RMS averageand tme harmonic animation The airrent and
eledric field vedors can be ovelaid on this mappng or dsdayed separatg to shav field orientaton and
diredion The graphcs progran presertly is cgpable of disdaying and aimating upto 50 danar cus of a
100x 100field point matrix either smultaneouly or indvidudly. In addtion, the progran can disgay the
triande dementmesh (upto 10000€eements) wich contans the suiface cirrentinformaion FORTRAN
graphics routines have been devdopedfor Slicon Graphics sriesworkstatons.

EXAMPLE

The techniques descibed hern have been incorporatednto tte MOM cock of refererce 2 which
was usedfor the 3\ arcrdt like geametry shown in Figure 1. The tradtiond badkscater canputaton is
shown in Figure 2 for hoiizontd and vericd polarizaion.

Bistaic k-spaceimages for the scatering centers when viewed noson is si1own in Figure 3 for both
polarization’s. Sdternng centersat thsande aethe engne pods, ving roots, andealing and trding edges.

Surface arrens for no® on horizontd polarnzéion illuminaion is $1own in Figure 4. The high
current regors are the sdes of the fusdage, tle leading edgs of the wing ard horizontd fin, and tle wing
root regon.

Nea totd eledric fields abou the targetis s1own in Figure 5 for no® on horizontd polarizaion
illuminaton.



WHAT WE CAN LEARN

Imagng yields grea ingght into the scatering medansm process i.e., sgalar satering, end
regon contibution, leading and tréing edeg diffradion, travéng wave, ceging wave, edg wave
scatering, etc This new technique dows us to utllize imagng with computatond MOM codes with little
addtiond computaiond cost In addtion, we hawe the potenta to do thee dimensond images, Istaic
imagng, and cres polarized imagng (eve for drcuar pdarizaion). Restutions apprading A/2 are
possble. Infad, ealy efforts used resitions lessthan A/2 so thaimages of the MOM cock bass funcions
were observed Becais the andyticd apprad is different from the swept frequeng expeimentad
apprad, we hawe seen same differertes in images, partuary for travding wawe scatering medansms
whete this new apprad shows radation as emanaing from an extended regn over whch a refleded
sufacewawe is propagang.

Current dsday diagnosics dlow us to highight regons of high andlow currentflow over a body.
Low current regns coud then be notedfor pcsshle aldtion of semnday structurs sich as vents, doors,
or avorics £nsos such tha they would hae minimum impad on scatering. In addtion, ore oud gauge
the desgn successof resstive treamenis dlong edgeand at ips by examining resdud currentlevds and the
taperfuncion.

Nea field pots hawe potenta to examine the over d influerce of the body structue on the field
inadent o seanday structures such asinlets and ethaustcavities. $hcethe main body influerces the field,
the polarizaion inadent o semnday structue may not ke that d theinddentfreespaceill uminaion.

As with ary set d new todls, we do notfully know the potenta bendit of all thatis now possble.
Clealy, images are of gred vaue Current andield knowledge hdp in our understandg d the scatering
mechansms, but ve may haweto be aedive in how we use the® diagnosicsto exgoit thar full potental.
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Figure 1 - Three wavelength aircraft geometry.
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Figure 2 - Backscatter RCS plots of three wavelength aircraft geometry, horizontal

and vertical polariztion, 0° elevation.
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Figure 3 - Bistatic images of three wavelength aircraft geometry, horizontal and vertical

polarization, o° elevation, 0° azimuth.
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Figure 4 — Surface currents on three wavelength aircraft geometry, hadrizonta
polarization Qelevation, @ azimuth.
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Figure 5 — Total electric field about three wavelength aircraft geometigpohtal
polarization Qelevation, @ azimuth.



